Five lots of RDX (1,3,5-trinitro-1,3,5,-tri-azacyclohexane), having different sensitivities, according to Large-Scale Gap Test (LSGT) results, were studied. Laboratory investigations included direct insertion mass spectrometry, liquid chromatography, powder x-ray diffraction, polarized light with hot-stage microscopy, infrared and Raman spectroscopy, and differential scanning calorimetry (DSC). DSC proved useful at distinguishing differences between lots. The RDX lots studied included three made in the United States by BAE Ordinance Systems (Holston), one from Eurenco (formally SNPE) and one from Dyno Nobel. Of Holston RDX, two lots had been reprocessed by Eurenco to reduce sensitivity. Increased sensitivity appeared to correlate with increased HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) content. Aging and heating contributed to the formation of an RDX/HMX eutectic.
inject 1 uL of the solution into an aluminum sample holder, which was then placed on a sample heater block to drive off the solvent. The dried sample was inserted into the direct insertion probe and placed in the ion source of the mass spectrometer. The direct insertion probe followed a temperature program that began at 50°C and ramped at 10°C per minute to a temperature of 180°C, then by 20°C per minute to a final temperature of 300°C. Samples were analyzed in triplicate.
High Performance Liquid Chromatography (HPLC):
A Hewlett Packard (now Agilent) 1100 series HPLC equipped with an Agilent Hypersil BDS-C18 column (4.00 x 100 mm) and a diode array detector tuned at 214 nm and 235 nm was used. The acquisition method was isocratic, using a 60:40 mix of water:methanol as the mobile phase at a flow rate of 0.5 mL/min. The instrument acquired data for 10 minutes, followed by a 10-minute equilibration before the next injection. Test solutions were prepared by placing ~10 mg of RDX in a 1 mL volumetric flask, adding of 1uL of nitrobenzene and enough HPLC-grade acetonitrile to fill the flask. The solution was transferred into an Agilent 2 mL amber glass autosampler vial with screw-cap septum. Samples were analyzed in triplicate.
X-ray Powder Diffraction Spectroscopy (XRD):
A Bruker AXS (Siemens) D5000 theta/theta X-Ray diffractometer equipped with a 40 position autosampler, a 2kW max power generator capable of 20 to 40kV and 5 to 40mA, a copper anode tube (wavelengths: Kα 1 , 1.5406A; Kα 2 , 1.54439A; Kβ, 1.39222A) with average Ka of 1.54184A, K2/K1 ratio of 0.5 and low speed shutter, as well as a scintillation counter operating at 841.1V with an amplifier gain of 2 and 1mm, 0.1mm, 0.6mm, respectively fixed optics.
Samples were gently mounded on aluminum holders and a glass slide was used to spread and level the sample. Spectra were acquired through a locked-coupled step scan between 5 and 50° by 0.020° steps at 2 seconds per step with fixed speed synchrotron rotation turned on. The power generator was run at 40KV and 40mA. Raw X-ray diffraction spectra were corrected for Kα 2 and used to compare the samples. All crystalline samples were analyzed in triplicate.
Raman Spectroscopy: A drop (5 uL) of each acetonitrile RDX solution (1000 ug/mL) was deposited, by means of a micro-pipette, onto a Tienta Sciences SpectRIM stainless steel, hydrophilic coated microscope slide. Droplets were arranged on the slide in a grid, allowing ten samples in the upper third of the slide. To reduce possible cross contamination, each droplet was allowed to dry before the next was added. A Raman spectrum of each sample was acquired using a Bruker Senterra Dispersive Raman Spectrometer interfaced to an Olympus BX51M microscope. The microscope was capable of 200x and 500x magnification and was equipped with an Infinity 1 digital camera. After aligning a sample in the view finder and capturing an image of the spot, the shielding doors around the microscope stage were closed; the shutter moved from bright field to dark; and the Raman spectrum was acquired. The laser excitation wavelength was fixed at 785nm, and the instrument was set to use a 50x1000um slit. Data was accumulated for 100 seconds per scan, with only one scan being reported per sample. The Raman spectra were collected in three regions, 80-1500 cm -1 , 1480-2600 cm -1 , and 2370-3280 cm . The three regions were mathematically baseline corrected to align with each other and compiled to give the full reported Raman spectrum. Where two regions overlapped, the portion of the signal that overlapped was signal averaged to give the complete spectrum (80-3280 cm -1 ).
Original regional scans, raw data and baseline corrected, were saved in raw data format; JCAMP-DX and Galactic SPC, and compiled full range Raman spectra were recorded in the same three file formats.
Infrared Spectroscopy (IR):
A SensIR Travel IR attenuated total reflectance (ATR) IR spectrometer was used to collect the IR absorbance spectrum of each sample. Samples were placed over the diamond window and subjected to 6 tons of pressure by the sample piston. Background scans (64) were collected at 4 wavenumber resolution from 4000 to 400 wavenumbers and then 64 scans of the sample under the same conditions. Samples were analyzed in triplicate.
Differential Scanning Calorimetry (DSC):
A Thermal Analysis (TA) Q100 DSC equipped with a refrigerated cooling system was calibrated against zinc and indium on a weekly basis; baseline correction was calibrated each day against an empty sample pan. The acquisition program equilibrated the cell, zeroed the heat flow at 40°C, and ramped (usually by 20°C per minute) to 400°C. Samples (0.5-0.9mg) were held in hermetically sealed aluminum. Samples were analyzed in triplicate. 
Polarized Light

Results and Discussion:
A number of experiments, reported herein, showed that Holston RDX lots contained detectable amounts of HMX, while the Dyno Nobel and Eurenco RDX did not. The total ion current (TIC) chromatograms obtained by mass spectrometry using a direct insertion probe showed the samples of Dyno Nobel and Eurenco insensitive RDX (SI RDX) had a single peak between 1.7 and 2.0 minutes. The HMX and RDX in Holston RDX were well resolved by high-performance liquid chromatography (HPLC) with retention times of 2.5 minutes and 4.0 minutes, respectively.
Quantification of HMX was obtained using standard curves with nitrobenzene as an internal standard. Table 3 (Figures 2 and 3 ). All five baseline samples exhibited predominantly RDX features, and no significant differences were observed from examinations of their exothermic maxima (shown in Table 4 in replicate). However, in some of the samples, a second endothermic event at or near 190°C was observed. This feature was present in the unrefined Holston sample (H RDX) and both the reprocessed Holston samples (HI RDX-2 and HI RDX-1) (Figure 4 ). This endotherm was not observed in SI RDX or Dyno Nobel RDX (Figure 5 ), unless these samples were spiked with about 10% HMX. We and others attribute the early endotherm to an RDX/HMX eutectic [4] [5] [6] [7] although the possibility of low-temperature decomposition products cannot be (Figure 1 ) so that the ratio of HMX relative to RDX increases. Instead of a true increase in HMX content, a better explanation for results in Table 3 is variability in HMX content in different barrels of the reprocessed RDX returning from Eurenco. 
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